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0 P E RAT I ON A L  S Uf,:MAP Y 0 F 
DEVONIAN S H A L E  C O R I N G  PROGZAM AT 

EGS? TEN?XSSEE NO. 9 
JANUARY,  1983 

WELL LOCATION 

EGSP Tennessee No. 9 well i n  Grainger County, permitted as Gruy Federal- 
Grainger County Flo. 1 ,  was spudded on January 3, 1580, and  comp?eted on  
January 2 7 ,  1980. The well i s  located on L o t  A-8 o f  Grainger County 
Industrial  ?ark; geographic coordinates are  30'18'56"N l a t i t u d e ,  83"24'33"'d 
longitude (Tennessee coordinates 710,300N and 2,762,0305).  
elevation a t  the spud p o i n t  i s  1140 fee t  above mean sea level ;  the KB 
elevation was 1150 f e e t  above mean sea level .  

Grourd 

STRATIGRAPHY 

The explorazion r a t i o n a '  f o r  Tennessee 9 was based pr inar i ly  on i n -  
terpretat ion o f  seismic l i n e  TC-1 ( a l o n g  L'S 25: approxizately six miles 
n o r t h  a n d  along s t r i k e  w i t h  the well)  and a previous shallow NX coring 
and logging program. The interpreted seismic l i n e  shows the Chattanooga 
Shale carring back under the S a l t v i l l e  Thrust Faylt some distance before 
being truncated, 
by a major thrust f a u l t ,  wguld be id221 for  the development of  a high 
degree of  fracturin;  i n  the Chattznooga. 

T % i  s st ructural  se t t ing ,  w i  t'h the Chattanooga Truncated 

The previous NX coring progran i n  the outcrop be l t  o f  the Zhattanaoga 
demonstrated t n a t  the sha'le i s  reasonably thick (662 f e e t  i n  Tennessee 7 
a n d  760 i i e t  i n  Tennessee 8 )  and has d i s t i n c t  "b?ack" shale i n  the 
Cleveland, Lower Huron and  Rhinestreet intervals .  Gamma ray logs of 
Tennessee 7 and 8 shcw these zones t o  be radioactive. 

Ir p l a n n i n g  T~nnessee 9 ,  seismic l i n e  TC-1, logs for Tennessee 7 acd  8 ,  
t h e  Geologic ?lap o f  Tennessee ( 1 9 6 6 ) ,  a n d  rtasured section 0 ;  the 
Gra'nger Fornation (Kenneth Hasson, P h . 9 .  d isser tazion,  University o f  
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Tennessee, l 3 5 7 ) ,  and information contained i n  several nas te rs  tneses 
and doctoral d i s s e r t a t i o a s  a t  the Unfversity o i  Tennessee an the 
area were used t o  Rake pre l in inary  formacions picks (Csbb & Langston, 
1 9 7 9 ) .  
brian age Conasuga Formation - Pumpkin Valley Shale and Rome Fornation 
i n  the  th rus t  block a i d  t he  Mississ'ppian age Graiqger Formation apd 
Chattanooga Shale bsneath the  f a u l t .  The poss ib i l i t y  t h a t  the Missis- 
sippian age Newan limestone m i g h t  be present >/as considered. 

The s t r a t ig raph ic  sect icn expected i n  the  well was the Cam- 

Since neither d r i l l e r ' s  l o g s  nor e l e c t r i c  logs of the  sectior,  above the 
Chattanooga Shale e x i s t  f o r  the i m e d i a t e  area i t  was necessary t o  
i den t i fy  pc ten t ia l  ."markers" on  the  basis  o f  dutcrop 1 i thology. 
markers which can be used t o  predict  the t o p  c f  the  Chattanooga a r e  

Two 

( 1 )  
( 2 )  

the  S a i t v i l l e  i a u l t  "zone" and  
a glauconite zone i n  the  Niddle Member o f  the 
Grai nger Formation. 

In outcrop, the  basal sandstones o f  the  Rome formation appear s imi la r  t o  
the  massive sandstones ( s i l t s t o n e s )  of  the Upper blember o f  the  Grainger 
and the  f a u l t  "zone" var ies  i n  outcrop from l e s s  t h a n  a f o o t  t o  a f e w  

f e e t  across .  In cu t t ings  one would expect t o  s?e the  change from Zone 
nicaceous sandstone t o  Grainger non micaceous sandstone, 2 u t  n o t  t h a t  
The nyloni te  i n  the  f a u l t  zone would be recovered. However, i n  Sanple 
660'-670', sl ickensided surfaces on shale  and  s i l t s t c n e  fragments were 
present.  Sample 650 ' -060 '  contained nicaceous sandstone a n d  S z m l e  
670'-680'  contained a medium t o  d z r k  gray s i l t s t o n e .  Sample 670'-630'  
a l s o  contained a bracniogod frasnent .  This for tuna t?  sequence of  events 
enabled an accurate  de temjna t ion  o f  the  f a g l t  ccn tac t  i n  the  subsurface 

Once the  f a u l t  zon2 + d d  been recognized i t  ws.s possible co us2 measured 
sec t ions  o f  the  Grainger Formation (Hasson, ;967) a 1  outcrops a Few 
miles from Tennessee No. 9 ( v h i c h  show a glauconite zoce in the "i4iddle 
Shale Member" of t h 2  Grainger) t o  predict  t h a t  t h 2  to:, c f  XI'? Chat tanooss 
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-, would be approximately 430 f e s t  Jelow t n i s  z0r.e. 

c lear ly  evident i n  Samples 713'-720' arid 720'-730'. 7'12 presence o f  :he - 
glauconite zo'le made possible an accurate prediction of the t o p  o f  tne 
Chattanooga Shale a t  1137 fee t .  

i n 2  glaucocite W E S  

Strat igraphic  interpretat ion,  based upon  examination of well cutr ings,  
and  generalized lighologic descriptions f o r  Tennessee 9 are given in 
Tab1 e I .  Sampl e interval s having similar 1 i t h o 1  ogi es have been grouped 
together i n  Table 1 .  Figures 1 end 2 are  gama ray curves f o r  the in- 
te rva ls  200 f e e t  t o  1130 f e e t  and l i00  f e e t  t o  1880 f e e t ,  res?ectively.  

SAMPLE COLLECTION PR';P.SRATION AND DESCRIPTION 

Tnroug;lout d r i l l i n g  operations, samples were collected a t  10-foot in- 
te rva ls  except f o r  interva7s ?137 f e e t  t o  1167 f e e t ,  before the f i r s t  
core p o i n t ;  1590 f ee t  t o  1610 f e e t ,  before the second care point; a n d  
:802 f e e t  t o  1820, before the th i rd  core p o i n t .  For tnese intervals  
sampl es were co l  1 bcted a t  5 - f o o t  i ntervzl s .  

Sample; were collected i n  a bucket a t  the end o f  the  Slooie l i n e  by a 
d r i l l i n g  crew member and transferred t o  heavy p las t ic  t iplock sample 
bags. Samples were turned over t o  the Seclogists for preparation and 
examination. A p o r t i o n  o f  each samp;e was exmined wet and  then t r a n s -  

ferred t o  a paper towel for  drying. 
binocular microscope (10-X t o  40-X power), described, and  divided t o  
j i v e  two dry sample s e t s ,  which were rebagged. i en  cercen': hydrochloric 
acid was used t o  t e s t  f o r  carbonate minerals. A flouroscope was used to  
check f o r  fluorescence i n  the Chettanoop S n a l e .  A s t r i p  chart  was 
?repared showing li thology of  cut t ings and cores, d r i l l i n g  r a t e s ,  and 

for cores,  scint i l lometer  readincs. The s t r i p  l o g  was retained by Cr. 
Dean. Xhen examination and description were conpleted, one s e t  o f  dry 
samples was boxed a n d  l e f t  w i t h  Or. Claude Dean t o  be delivered tu" k. 
20bert Mi l l ic i ;  the other was delivered t o  Gruy in Houstor, by Le?oy 
Radford. K2t samples were boxed a n d  turned over t o  CliTf ?;lin?rals' 

The d;*y sample was exmined under a 

- 



DEPTH - 
0-35'  

35'-120 '  

120 '  -1 7 0 '  

170'-180'  

180' -21 0 '  

21 0 ' -300 '  

300'-360'  

360' -530' 

530'-590 ' 

590 ' - 650 ' 

660 ' -670 '  
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T A B L E  1 

GENERALIZED LITHOLCGGIC DESCRIPTION 
FOR EGSP TENNESSEE NO. 9 WELL 

DESCRIPTION 

Yellow-to-brown s h a l e  a t  s u r f a c e ;  
cutt ings from 0 t o  35 f ee t  c o n s i s t  
o f  greenish-gray  s h a l e ,  minor gray  
1 imestone 

Gray t o  browqi sh-gray, s i l t y ,  
m i c r i t i c  l imestone.  

Gray dolomite;  minor dzrk gray  
s h a l e  and f i n e  q u a r t z  sand; "vein" 
white c r y s t a l l i n e  dolomite  ch ips  
( 1  m, t o  3m) w i t h  p y r i t e  i n c l u s i o n s  

T r a n s i t i o n  Zone-"mixedJJ sample con- 
t a i n i n g  medium gray  dolomite;  g ray-  
to-green shaie;  red-to-brown fine- 
gra ined  sandstone.  

Var iab le  l i t h o l o g y ;  minor gray  dolo- 
m i t e ;  nicaceous  greenish-gray  s h a l e ;  
rzd-to-brown f ine-gra ined  sandstone.  

Brown f ine-gra ined  sandstone,  some 
greenish-gray  nicaceous s h a l e s  

L'ght-to-rnediurri g r a y  ( c a l c a r e o u s )  
f i n e - g r a i n e d  s a n d s t o n e / s i l t s t o n e ,  
mincr 1 imestone 

Brown, r e d ,  yel low iine-to-mediun- 
gra ined  sandstone;  minor medium gray- 
t3-brownish gray s i l  t s t o n e  

Mad i um gray  I' do1 omi ti c" S i 1 t s t o n e  , 
some dot  omi t e  

Medium gray,  milaceous very f i n e -  
gra ined  sandstone ( s i l  t s t o n e ) .  

b1i c a c e w s  " s h a l e "  some f r a g n e n t s  
w i t h  s l i c k e n s i d e s  on s u r f a c e  

INTERPSETATION 

Carbrian age- 
Conasauga Group- 
Rogersvi 11 e Shale 6rg 
0 t o  3 5 '  

Conasauga Group- 
R u t 1  edge Limestone 6 r t  
35'  -1 8 0 '  

6 r t  

6rt 

Conasauge Group- 
Purnpki n \!*I 1 ey 
S h a l e ,  S p v  
180 '  -21 0 '  

Rome Formation Gr 
21 0 ' -673 '  

6r 

Sr 

C_r 

Sr 

Sai t v i  1 1  Q Fau i  t 
My! oni t2 zone  
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DEPTH 

672' -680' 

680 ' -710 '  

71 0 ' -730 '  

730'-1040'  

1040'  -1 137 '  

11 37 ' - 1  142 '  

1 1 42' -1 147 ' 

1147'-1152'  

1 152'  -1 157'  

11 62'-1167 ' 

1 1 67 ' - 1 221 ' 

Core #l 

Core =2 
7 157'  -1 196'  

11 96 ' - 1  221 ' 

1221 ' -1 590' 

1590'-1510'  

DESCRI?TION I K X P R E T A T I O N  

Medium gray  s i l  t s t o n e ,  brachiopod 
fragment 

Y. iss iss ippi  age- 
Grai nger Formati on Mg 
760 ' -1 1 37 ' 

Table 1 cont inued i- 

( 5  I i n t e r v a l  s )  

Medium-to-dark gray very f i n e -  
g r a i  ned sands tone/  s i 1 t s t o n e  

Medium-to-dark gray- to-gre tn ish  
gray  s i l  t s tone ,  g l a u c o n i t e  

Mediun-to-dark gray  s i l t s t o n e s  a9d 
s h a i e s ,  n i n o r  "ve in"  whi te  c r y s t a l -  
1 ine doloinite w i t h  p y r i t e  i n c l u s i o n s  

Pledsun-to-dark gray  f i  ne-grai  ned 
s a n d s t o n e L s i l t s t o n e  

Dark Gray shale-minor s i l t s t o n e ,  
pyr'te i n c l u s i o n s  

Medim gray  s i l  t s t o n e  

Dark brownizh-gray powder; 
f l u o r e s c e n c e s  white/yel low 

Dark brownish-gray powder with 
b lack  s h a l e  c h i p s  

Dark Brownish-gray powder with 
b lack  s n a l e  chips 

Black s h a l e ,  minor 
Gray-to-cjr?enish gray s i l t s t o n e  
s i l t s t o n e  l a y e r s  ( f e w  inches) 

ibledium gray ,  some dark gray  
s i  1 t s t o n e  

Dark gray  sha le  

:4g 

b l i  ssi  s s  i p p i  an- 
Devonian age- 
Chattanooga Shale  MDc 
1137'  t c  1357'  

MDc 

FitGc 

MDc 

Cl evaland Pknber a t  
Chaxtanooga Shale  MOc 
1 I 67 I - 1 221 ' 

MCc 

KDC 
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T a b l e  1 cont inued 

DEPTH - 
161 0'-1742'  

1 61 0- 151 2'  

161 2'-1670'  

1570'  - 1700 ' 
1700'-1712'  

171 2 ' -1 742 ' 

Core f 3  

Core Y4 

Core S5 

Core $6 

Core 67 

1742 I -1 802 ' 

1802 ' -1 82C' 

5 

D E SC R I PT I0 N 

3la.ck s h a l e :  minor medium-to-dark 
gray  s i 1 t s t o n e  1 a y e r s  

I NTE X? RETAT I CI"I 

Lower iiuron Member o f  
Chattanooga Shale  FtOc 
161 0 ' -7  742' 

Meajun-to-dark ( b e n t o n i t e  i n  sanpl es 
1750'-1770'  and 1790'-1800')  ' "Cedar %i ' l1  Bentoni te"  

Gray s i l t s t o n e ;  dark gray s h a l e  

!4Dc 

1760' -1800' 

M3C 

(5 ' i n t e r v a l  s )  

1820'-1867'  Mediua gray  s i l t s t o n e ;  black s h a l e ;  ",?hi n e s t r e e t ' '  mmber  O f  
Core 98 l i g n t  ray  fine-to-medium sandstone Chattanooga Shale  XDc 
1320:-1844' 1.330' -1 857 ' 
Core #9 ( ? ?  Devonian q e -  
1844'  -1 867 I N i l d c a t  Valley Sandstone??)  

S i l u r i a n  Age-Clinch 
Sandstone Sc 
1857 '-1 867 ' 

1867 ' -1 920 '  Grliy sands tone /s i  1 t s t o n e  Clinch Sandstone Sc 
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F i g u r e  1. Bi-dwell Gamma Ray-Induction i o s :  
1137'(driller). 

Depth 200' - 1125'(losger) ~ 
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Figure 2. Birdwell SiSilation/Tzmperature/Gama Ray Log: Depth 
11CO' - 1867(logger), 1867'(driIler). 
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Jersonnel d u r ' c g  coring o f  Core 8. However, during clearup of  the 
geologis t ' s  t r a i l e r  on danuary 1 9 ,  seijeral of the wet samples were 
discovered behind a fil? cabinet. 
roqr;est) t o  be turned over t o  C1  i f f  Minerals. 

These were l e f t  wiTh 3r.  Dean ( a t  h i s  

DXILLiNG A N D  CORING OPE.?ATIONS 

Dril l ing and coring operations were completed in 1 7  days, as shown on 
the d r i l l i n g  time curve (Figure 3 ) .  Table 2 i s  a sumery o f  d r i l l i n g  
a c t i v i t i e s  f o r  EGSP Tennessee No. 9. The daily d r i l l i n g  reports a re  
included i n  Appendix A and the Christensen coring 
8. 

logs are  i n  Appendix 

Figure 4 i s  a schematic c f  the completed well. 

Oriented core was taken for  the following intervals o f  the Chattanooga 
Shal e: 

C l  eve1 and . 
Core i - 1137' t o  1196', cu t  2 9 ' ,  recovered 2 0 ' ,  l e f t  9 '  in tervals .  
Core 2 - 1196' t o  1221', C u t  2 5 ' ,  rec.  25' plus 5 '  of core 91 .  

Lover kuron 

Ccre 3 - 1610 '  t o  1 6 1 2 '  recovered 2 feet .  
Core 4 - 1612' t o  1670', cu t  58 f e e t ,  recovered 58 fee t .  
Core 5 - 1673' t o  1700', cu t  30 f e e t ,  recovered 30 fee t .  
CGre 6 - 1700' t o  1 7 1 2 ' ,  cut  1 2  f e e t ,  recovered 12  fee t .  
Cor2 7 - 1712' t o  1 7 4 2 ' ,  cut  30 f e e t ,  recovered 30 fee t .  

R h i  nestreet/Cl inch 

Core 8 - 1823' t o  1344' ,  cut  24 f e e t ,  recovered 25 fee t .  
Core 9 - 1844' t o  1857' ,  cut 23 f e e t ,  recovered 23 f e a t .  
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TABLE 2 17 

D R I LL I !I G ACT I V I TY 5 UN4A;IY 
FUR 

EGSP TEiiNESSEE NO. 9 

OATE DEPTH ACTIVITY 

1/4 /80  

1 / 5/80 

1 /6/80 

1 /7 /80  

1/8/80 

1 / 9/80 

i / i o / a o  

111 1 /80 

1/12/80 

111 3/80 

1 / 14/80 

1 /15j80  

1 /16/80 

1 /17/80 

45 '  

21 2 '  

21 2 '  

212' 

440 ' 

1071 ' 

1137' 

1137' 

1137'  

1185' 

1414' 

1614 '  

1597'  

1742'  

S u p .  @ 1 , O C O  hrs. on 1/3/80,  d r i l l  17 1 /2"  t o  
3 5 '  KDP r a n ,  s e t ,  cemented 16" csg.  

D r i l l  1 5 '  kole  t o  2 7 2 ' ,  a t tempt  t o  r u n  13 3/8" 

bichld not  go below 57'  . 
cgs. t o  212 ' .  

Wait on 1 7  3/4" csg. 

R u n  11 3 / 4 '  csg se t  a t  1 8 5 ' .  

F i s h i n g  p iece  o f  s t e e l  p l a t e  o u t  o f  hole ,  
drill 212' t o  440' no le  w2t  a t  approximately 400 ' .  

Drill 440' t b  1071' .  

D r i l l  1071 t o  1137 ' .  Ream T 7/8" t o  10 5/8" from 
200' t o  4 4 7 ' .  

Ream 7 7/3" t o  10 ,  447' to '  1048' . 
Ream 1048' t o  1137' c i r c u l a r ?  and c l e a n  hole  t o  
i og ,  run 2irdwe'll (Dens i ty  bore ho1.e cornpensatsd 
and Gama Ray I n d u c t i o n ) .  
s e t  1737' cament. 

Run 36 j t s .  8 5/8" E P ~  

D r i l l  7 7/8"  hole  1137' t o  1 1 6 7 ' .  O r i l l  5 '  i n t e r v a l s  
f o r  sample e v a l u a t i o n ,  c o r i n g  91 c o r e .  

Core $1 1167' t o  1136 ' ,  c u t  2 9 ' ,  rsc. 2 0 ' ,  l e f t  9 '  
i n  hole,rearn t o  bot tom.  Core 42 .1196'-1221 ' cut 2 5 ' ,  
rec. 25' p lus  5 '  from c o r e  i l ,  d r i l l  1221' t o  1414' 
(water  i n  hole) . 
D r i l l  1414' t o  1590 ' .  D r i l l  1590' t o  7610' 
( 5 '  i n t e r v a l s )  r u n  Birdwell l o g s  (Densiiy-Bore- 
Hole compensated and Gzma Ray i n d u c t i o n )  f l u i d  
l e v e l  1410 ' .  Core $3 7510' t o  1612'  r e c .  2 ' .  

Core =4 1612-1670 cu t  % ' ,  rec. 5 8 ' .  Coring '2 
=5 8 1 6 9 7 ' .  

Core i 5 ,  1673'  t o  1 7 0 0 ' ,  cl ; t  3 0 ' ,  rec. 3 0 ' ,  c o r e  
b b l  janmed, 9T w i t h  C O X  b b l .  Cort ' 6 ,  17GO' co 
9 7 1 2 ' ,  c u t  1 2 ' ,  rec. 1 2 ' ,  c o r e  bD? janmed. C o r i n g  
47, 1712' t o  1742' .  
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Table 2 continued 

DATE DEPTH ACTIVITY 

1/15/80 1813' POH Core =7, 1712' t o  l i Q Z ' ,  cut 30', r x .  30', 
check For flow - no detectab:e flow ( w h m  a i r  
resumed had flasn o f  gas) .  
Dril led 1802' t o  1820' ( 5  intervals) :  Core 18 
1820' t o  1843' coring. 

Core f8 ,  1820' co 1844' ,  cut  2 4 ' ,  rec. 2 4 ' .  
Core 19, 1844' t o  1867', cut  2 3 ' ,  rec. 2 3 ' .  
POOH because o f  s l o w  progress from Sirdwell logs. 

1 /20,/80 1920'  Run Birdwell Schlurnberger dry hole logs. Grill 
1867' t o  :320 ' ,  f i l l  hole w i t h  45 bbl mud. Run 
Schlumberger wet hole logs .  . 

Run 43 j t s . ,  4 1/2" ,  se t  a t  1895' cement, nipple 
jown Halliburton and release r ig  a t  1409 hours. 

Crilled 1742' t o  1802'. 

1/19/80 1867 ' 

1 /zi  /a0 1920' 
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A few unexpected problens occured during coring. 
carcher  d i d  n o t  engage and 3 f 2 e t  of che 29-foot core remained i n  tke  
hole.  
was recovered r'cr 25. f e e t  cu t .  

O n  Co;e 1 the  core  

Five or' t he  c ine  f e e t  were recovered with Core 2 in whic,L1 30 f e e t  

During coring o f  the  Lower Huron in te rva l  ( o r i g i n a l l y  120 f e e t ) ,  s e t t r a l  
inc idents  occured. On Core 3 ,  1610'-1612' ,  the pressure increa;ed. to  
8CO ? s i ,  making i t  necessary t o  pull o u t  of the hole t o  check for cc re  
b i t  damage. 
were encountered in  Core 4;  5s f e e t  was recovered of 58 f e e t  cu t .  
Core 5 ,  1670-1700', 30 f e e t  was recovered; however, i t  was necessary t o  
pul l  ou t  o f  the  hole e a r l y  because of a j a n e d  core b a r r e l .  
on Core 6 ,  1700'-1712', i t  was necessary t o  pull ou t  o f  the hole f o r  the 
same reason with only 12 f e e t  recovered, 
30 f e e t  of cor?.  Cores 6 and 7 were f rac tured  with Core 6 containing what 
appeared t o  be a bedding plane f a u l t .  

Two f e e t  of core  was recovered in  t h i s  i n t e r v a l .  No problems 
On 

Similzr ly  

Core 7,  1712'-1742' recovered 

In t he  Rhinestreet/Cl inch core  in te rva l  , Core 8 ,  1'&20'-1844', was pulled 
a f t e r  24 f e e t  wnen the barrel  j a m e d  and Core 9 ,  1844'-1857' ,  was pulled 
a f t e r  23 f e e t  because progress was very s low.  The geolograph r a t e s  show 
approximately 10 minutes per f 9 o t  f o r  1844'-1857';  
f o r  1857'-1867';  and 75 ninutes  9er f o o t  f o r  1866'-1867'. The extromely 
s low r a t e  caused a d x i s i o n  t o  cease coring operatiorls a t  1867 ' .  
cc re  from 1857' t o  1367' i s  a jands tone /quar tz i te .  

30 minutes per f o o t  

. r l  ine 

FLUIDS IN THE HOLE 

Surface casing was s e t  a t  185 f e e t  anc ths  hole was dry down t o  abog t  
400 f e e t .  A t  approximately 600 f e e t  the  volume of water increased and a 
s t rong  odor of  hydrogen s u l f i d e  was w i t t e d  from the  hole. 
s u l f i d e  smell continued un t i l  casing was Set a t  1137 f e e t .  
5/8 inch casing was s e t ,  ths ho le  wzs dry down t o  1420 f e e t .  

The hydrogen 
After  the  8- 

No s i g n i f i c a n t  gas was detected while d r i l l i n g  through tne  Chattanooga. 
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Following coring of t h e  Lower Huron i n t e r v a l  (1610'-1732'), hole was 
blown dry and  the compressor then s h u t  o f f  t o  check for  gas flow. 
f l o w  was detected by a l ighted f l a r e  a t  the end o f  the b l o o i e  l i n e ;  
however, when a i r  flow resumed, a small flash of  gas was noted. 
t e s t  a f t e r  Core 8 (1820'-7844') slowed no detectable gas. 3irdwells '  
s ib i la t ion  log shows minor gas en%ries recorded a t  1363 fee t  and 1486 
f e e t .  

l o  

A f l o w  
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